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/A band of solute is applied to the inlet of the chromatography column shown below. Malch the shape of { V2P
peak o the corresponding localion of the band i he calumn a5t moves through the column.

— .

Peak 3 Peak 1 Peak 2

Peak 1 Peak 2 Peak 3
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(=t the following parameters by whether they cause band broadening or band separation in gas-|
Cnromalography.

Band Broadening Band Separation

ow flow rats
oty low fiow mtss small packing particles
low temperature
thin stationary phase layer
large packing particles

id sample inj
thick stationary phase layer e
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| S
‘The chromatogram below shows the separation of components in an over-the-counter pain reliever.
1
1: acetaminophen, ¢ 3.97 min, wy 0.12 min
2 caffeine, £ 6.15 min, wip 0.21 min
3: benzoic acid, & 9.73 min, w, 0.35
4:aspirin, & 14.8 min, wiz 0.73 min

2
k ‘
i /k
T T T T
] [ i R
min

Calculate the number of theoretical plates N for the peaks of acetaminophen and caffeine.

acetaminophen caffeine
Number Number
6070 4760 Continued below.

Caloulate the resolution R between acetaminophen and caffeine.
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o calcuatsthe number of theartical lates N for acelaminophen and cafon, s the orma
sssi

Wi

For acetaminophen:

5.55x3.97
==
0.12
For caffeine:
5.55%6.15
N= T = 4760
021

To calculate the resolution between the peaks for acetaminophen and caffeine, use the formula
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First, calculate Wizmg

_0a2+021
(e 2

165

0.589 x (6.15-3.97)
0.165
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Sort the following statements based on whether they describe a screw-driven syringe or reciprocating pump.

Screw-Driven Syringe Pump Reciprocating Pump
Pulse-free delivery Pulsed flow that must be damped
Delivery rate is easily controlled and varied Small internal volume
Lack of solvent capacity High sutput pressure
Inconvenient when solvents need to be changed Adaptable to gradient elution

Constant flow rates independent
of viscosity and back pressure
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All samples require preparation prior to analysis by gas chromatography. Match the
sample preparation method with ts definition.

Uses a chemical reaction lo convert an analyte lo @
Derivalization form more easily separaled and detecled.

Purge and ap An extraction method with 100% efficiency used for
removing volalie analytes from solid or liuid samples.

itphase microoxacien  Ex{racting a portion of available analyte from a sample
ol AN | ot the Use of saivent e "

reconcentration Increasing the concentration of solute in a sample by
P o the removal of solvent.
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A) Predict the elution order of 2-naphthoic acid (pK; = 4.16), 2-nitrobenzoic acid (pK, = 2.185), and 3-
nitrobenzoic acid (pKs = 3.449) if a mixlure of the three acids was passed through an anion-exchange
olumn using a gradient eluent from pH 5.5 to pH 2.0.

Etes Fist
2aphinois s
itobenzoi acks
Znitobenzoe acki

Etes Last
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B) The prolein, bovine serum albumin (BSA), has an isoelecric point (pl) of 4.6 (The isoelectric point s the
pH al which the prolein carries no net charge). BSA s adsorbed to an anion-éxchange column at pH 7.5.
What will happen when the pH of the eluent is decreased from pH 7.5 (o 3.6 in a gradient fashion'? Assume.
the eluent has a constant ionic sirength as the pH is changed.

“The protein will become more posilively charged as the pH is reduced Lo a value less
thanits pl and will become more altracted to the anion-exchange column,

“The protein will become more negatively charged as the pH is decreased to a value
less than its pl and will become more atiracted to the anion-exchange column.

“The protein will remain adsorbed to the anion-exchange column in a constant state.

“The protein will become more positively charged as the pH is reduced to a value less
than its pl and it willelute from the column.

®00 O
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Molecular exclusion chromatography, also known s gel filtration chromatography, is a form of
chromatography nat separaies molecules on the basis of size. How can molecular exclusion
Chromatography be used lo delermine the molecuar weight of a protein?

O O O ® O O

Retention volume in the column is inearly related to the molecular mass, so we-
can estimate the molecular weight by comparing the elution volume of the
unknown with that of known standards.

Retention volume in the column is exponentially related to the molecular mass, so
a quadralic equalion can be written (o salve for the molecular mass.

Retention volume in the column is logarithmically related to the molecular mass,
S0 we can estimate the molecular weight by comparing the elution volume of the
unknown with that of known standards.

Retention volume in the column is logarithmically related to the molecular mass,
S0 an equation can be written lo Solve for the molecular mass.

Retention volume in the column is exponentially related to the molecular mass, so
Wwe can estimae the molecular weight by comparing the elution volume of the:
unknown with that of known standards.

Relention volume in the column is inearly related to the molecular mass, so we.
an estimate the molecular weight by solving a linear equation.
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Given the parent compound, draw the mass spectrum fragment that is observed at miz 91. Include any
hydrogen atoms and the charge.
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What is the purpose of the matrix in matrix-assisted laser desorptionfionization (MALDI)? There may be
more than one correct answer.

/| Itabsorbs some of the ultraviolet radiation supplied by the laser.
1 [)oniradiation, the matrix desorbs, carrying the analyte with it nto the
gas phase.

‘The addition of the matrix increases the reproducibily of the results
from spot to spot.

It increases the fragmentation of the analyte,
It enhances the signal of low abundance or small molecle analytes.

‘The matrix s ionized by the laser and some of the charge s ransferred
Y1 to the analyte.

Is MALDI considered a soft or a hard ionization technique?

@ Softionization technique
O Itdepends on the matrix
O Hard ionization technique
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The mass spectrum of an organic compound shows the relative abundances of M to be 26.34% and
M+ 10 be 1.140%. Assuming the peaks are caused by C and C isotopes, determine the number
of carbon atoms in the compound. Natural abundances: “C is 98.93% and “C is 1.07%

Number

4 carbon atoms
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The relative abundances of the °C isotope compared to the C isotope in a sample is related to the relative.

abundances (intensities) of the M+1 and M peaks via

(relative_abundance of M-+1 peak)

relative abundanc
[relative abundance of M peak)

1)

The relative abundance can also be defined in terms of natural isotopic abundances and the number of carbon

atoms.

[natural abundance of “c)

xno. of C atoms
<

relative abundance

[natural abundance of

“The ratio of natural abundances of C and C are calculated.

(natural_abundance of “c] 1.07%

il =0.0108
[natural abundance of | 98.83%

‘Substituting the natural abundance ratio into equation (2) gives

relative abundance =0.0108xno. of C atoms

@
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‘Substituling equation (1) into equation (4) and rearranging gives

[rel. abundance of M+1 peak)
no. of C atoms=

We now solve by subsituting the experimental values into the equation.

(1.140% )

T a007=4
(0.0108) (26.34% |

no. of C atoms=

(0.0108) [rel. abundance of M peak)

Bl
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! the velocity profles showing the cross section of fluid, pH = 4.0, flowing through a fused-silica capillary
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Below is a van Deemter plot of the separation of a mixture of neutral molecules by micellar electrokinetic| Map
chromatography.

o0

s
g
Zas
S
&

25 Scrolldown to answer both

parts of this question.
] ™ 3
[—

Why does the plate height increase at low and high velocilies?

The plate height increases at lower velocilies due to difusion of the band as it spends more
@ time'n the capillary. At high velocilies, band broadening increases due to the fine equilbration
time with the micelles.

Atlow velocites, the micelles move slowly and pack the column, leading o an increase in the A
O termin the van Deemter equation. AL high velodiles, the band broadens due (o diffusion as the
analyte moves quickly through the capillary, leading to an Increased plate height.

Atlow velosites,the pressure in the capillary tube is lower, leading o less resolved
O separaions. Alfigh veloiies, thepressur nih ube s 00 igh, eading o anayte
compression and lower resolution.
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‘The micelles have not yet imparted a charge to the neutral molecules at low velocities, thus the

() eaulibraiion me ncreases, which leads 0 an increase in the G term in the van Deermier
equation. At high velocities, the equiliration time is even longer since the flow of the solution in
the capilary makes it harder for the micelles and analyte to equilbrate.

Theoretically in micellar electrokinetic chromatography, the muliple path term, A, of the van Deemter
equation should be equal to zero. Why then are observed values of A not equal {o zero?

‘The column used in micellar electrokinetic chromatography
has some degree of cross linking in I.

/| The detector zone has a finite width

‘The micelles pack the capillary and create multiple paths
for the analyte Lo flow through.

/1 The injection plug has a finite size.
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Is longitudinal diffusion of the solute a more serious problem in gas or in liquid chromatography?

@ gas chromatography
O liquid chromatography

What is the major reason for the difference?

The solute must be volatie for applicaton of gas
O Chromaiograpny. o ¢

Gas chromatography is carried out at higher temperatures
than liquid chromatography.

o
Diffusion coefficients of gases are much greater than those
© o liquids:
o

The flow rate i gas chromalography s reater than the
romatography.

flow rate in liqui
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A student researcher performed a chromatographic separation of caffeine and aspartame. The retention time
for caffeine (t) was found to be 201.2 5 with a peak wicth (we) of 12,6 5 and the retention time for aspartame
(1) was 254.7 s with a peak width (ws) of 21.8 5.

A) Calculate the column length (in cm) if the theoretical plate height for aspartame is 0,034 mm.

Number

74 om

8) Caloulate the resolution (R) fo this separation.

Number
r= |32

C) Calulate the number of theoretical plates for the column if the resolution determined in part B increases
2oid.

Number

8810 plates
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A) To find the column length (L), first determine the number of theoretical plates (N) for aspartame using the.
following equation, where ty is the retention time of aspartame and w s the peak width.

180 plates

o determine the calumn engin equired to ahieve a theoreical paie hlght ) of 0.034 mm, use the plate

height equation, which relates the plate height to the column length (L) and the number of theoretical plates (N).
Rearrange and solve for L in centimeters.

1
L=Nx H=2180%0.034 mm=74 mmx ————=74 cm
10 mm

B) Resolution (R) in a chromatographic separation is the abilty to distinguish two dlosely spaced peaks.
Conventionally, the resolution must be greater than or equal to 1.5 for the separation to be considered desirable:
for quantitative analysis. It is defined using the following equation, where A, is the difference between the
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retention times of the peaks (f and L) and wa, is the average peak width.
A -] 25472012
o,

2

C) A 2-fold increase in the resolution would result in a corresponding increase in the number of theoretical
plates. This effect is quantified using the following equation, which relates the resolution (R)to the number of
theoretical plates (N) and the unadjusted relative retention ().

el

:-Je unadjusted relative retention is a ratio of the retention time of the more retained solute (aspartame, &) o the.
retention time of the less relained solute (caffeine, ).

2012

Use the resolution determined in part B o determine the resolution afler a 2fold increase.

Ry=

12x2=6.24
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Insert Ryx and y into the rearranged resolution equation and solve for the number of theoretical plates, N.

4% R,
y-1

=8810 plates
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The van Deemter equation decribes how the column, stationary phase, and mobile phase flow
rate influence plate height. The equation is as follows:

B
H = A +—+Cu
u,

Correctly match each symbol with its term in the van Deemter equation:
H Plate height
4 Flowrate
Multiple path (eddy diffusion)
Resistance to mass transfer

& Longiudinal diffusion

For an open tubular column (not capillary electrophoresis), which term(s) in the van Deemter
equation does(do) not affect the plate height?

Flow rate and eddy diffusion
Eddy diffusion and longitudinal diffusion
Resistance to mass transfer and flow rate

00®000





